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TRANSITION METAL COMPOUND,
CATALYST COMPOSITION INCLUDING
THE SAME AND METHOD FOR PREPARING
POLYMER USING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a national phase entry under 35
U.S.C. § 371 of International Application No. PCT/KR2019/
017410, filed on Dec. 10, 2019, which claims priority from
Korean Patent Application No. 10-2018-0160220, filed on
Dec. 12, 2018, the entire contents of which are incorporated
by reference herein.

TECHNICAL FIELD

The present invention relates to a transition metal com-
pound, a catalyst composition including the same and a
method for preparing a polymer using same.

BACKGROUND ART

[Me,S1(Me,C )NtBu]TiCl, (Constrained-Geometry
Catalyst, heremaftter, will be abbreviated as CGC) was
reported by Dow Co. 1n the early 1990s (U.S. Pat. Regis-
tration No. 5,064,802), and excellent aspects of the CGC in
the copolymernzation reaction of ethylene and alpha-olefin
may be summarized in the following two points when
compared to commonly known metallocene catalysts: (1) at
a high polymernzation temperature, high activity 1s shown
and a polymer having high molecular weight 1s produced,

and (2) the copolymerization degree of alpha-olefin having
large steric hindrance such as 1-hexene and 1-octene 1s very
excellent. In addition, as various properties of the CGC
during performing a polymerization reaction are gradually
known, efforts for synthesizing the derivatives and using
thereof as a polymerization catalyst have been actively
conducted 1n academy and industry.

As one approach, the synthesis of a metal compound
introducing various bridges instead of a silicon bridge and a
nitrogen substituent and the polymerization thereof has been

conducted. Typical metal compounds known until now are
illustrated as Compounds (1) to (4) below (Chem. Rev.
2003, 103, 283).

(1)

t-Bu—P M
N o
t-Bu
N (2)
ZM _Cl
A ~nT
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-continued
(3)

(4)

The above Compounds (1) to (4) introduce a phosphorous
bridge (1), an ethylene or propylene bridge (2), a methyl-
idene bridge (3) or a methylene bridge (4) instead of the
silicon bridge of a CGC structure. However, improved
results on activity, copolymerization performance, etc. could
not be obtamned by applying ethylene polymerization or
copolymerization with alpha-olefin when compared to those
obtained by applying the CGC.

In addition, as another approach, a lot of compounds
composed of an oxido ligand instead of the amido ligand of
the CGC have been synthesized, and an attempt on polym-
erization using thereof has been conducted to some extent.
Examples thereof are summarized in the following.

()

CH>Ph
J/ 2

T1
F T~ O/ \C H>Ph

(6)

(7)
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-continued
(3)

Compound (5) has been reported by T. J. Marks et al. and
1s characterized in that a cyclopentadiene (Cp) derivative
and an oxido ligand are bridged via an ortho-phenylene
group (Organometallics 1997, 16, 5958). A compound hav-
ing the same bridged group and polymerization using
thereol have been reported by Mu et al. (Organometallics
2004, 23, 540). In addition, the bridging of an indenyl ligand
and an oxido ligand by the same ortho-phenylene group has
been reported by Rothwell et al. (Chem. Commun. 2003,
1034). Compound (6) has been reported by Whitby et al. and
1s characterized in that a cyclopentadienyl ligand and an
oxido ligand are bridged by three carbon atoms (Organo-
metallics 1999, 18, 348). The above catalysts have been
reported to show activity in syndiotactic polystyrene polym-
erization. Similar compounds have been also reported by
Hessen et al. (Organometallics 1998, 17, 1652). Compound
(7) has been reported by Rau et al. and 1s characterized 1n
showing activity in ethylene polymerization and ethylene/
1-hexene copolymerization at a high temperature and a high
pressure (210° C., 150 MPa) (J. Organomet. Chem. 2000,
608, 71). In addition, the synthesis of a catalyst (8) having
a similar structure as that of Compound (7) and polymer-
ization using the same at a high temperature and a high
pressure have been filed by Sumitomo Co. (U.S. Pat. No.
6,548,686). However, not many catalysts among the above
attempts are practically applied in commercial plants.
Accordingly, a catalyst which shows even further improved
polymerization capacity 1s required, and a method for sim-
ply preparing such catalyst 1s required.
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4
DISCLOSURE OF THE INVENTION

Technical Problem

The present mvention 1s to provide a transition metal
compound having a novel structure and excellent copoly-
merization properties, which i1s capable of preparing an
olefin polymer with a ultra low density and high molecular
weight, a catalyst composition including same, and a method
for preparing a polymer using same.

Technical Solution

In order to solve the above-described tasks, an embodi-
ment of the present invention provides a transition metal
compound represented by the following Formula 1:

[Formula 1]

R
~ b
Ro / \
N Rig
N Ry7
W0l
A=
R?/ = N—" \Qz
R, R,
R R,
Ry R3

In Formula 1,

R, to R, are each independently hydrogen; —NR R, ; a
substituted or unsubstituted alkyl group of 1 to 20
carbon atoms; a substituted or unsubstituted cycloalkyl
group ol 3 to 20 carbon atoms; a substituted or unsub-
stituted alkenyl group of 2 to 20 carbon atoms; a
substituted or unsubstituted alkoxy group of 1 to 20
carbon atoms; or a substituted or unsubstituted aryl
group of 6 to 20 carbon atoms,

R, to R, are each independently hydrogen; —NR R, ; a
substituted or unsubstituted alkyl group of 1 to 20
carbon atoms; a substituted or unsubstituted cycloalkyl
group of 3 to 20 carbon atoms; a substituted or unsub-
stituted alkenyl group of 2 to 20 carbon atoms; an
unsubstituted or substituted alkoxy group of 1 to 20
carbon atoms; or a substituted or unsubstituted aryl
group of 6 to 20 carbon atoms,

M 1s a transition metal 1n group 4;

Q, and (), are each independently hydrogen; halogen;
—NR _R,; a substituted or unsubstituted alkyl group of
1 to 20 carbon atoms; a substituted or unsubstituted
cycloalkyl group of 3 to 20 carbon atoms; a substituted
or unsubstituted alkenyl group of 2 to 20 carbon atoms;
or a substituted or unsubstituted aryl group of 6 to 20
carbon atoms,

a substituent of the substituted groups of R, to R, -, Q, and
Q, 1s selected from the group consisting of —NR R,
an alkyl group of 1 to 10 carbon atoms, a cycloalkyl
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group of 3 to 20 carbon atoms, an aryl group of 6 to 20
carbon atoms and an alkoxy group of 1 to 10 carbon
atoms, and

R_and R, are each mdependently hydrogen; an alkyl
group of 1 to 10 carbon atoms; a cycloalkyl group of 3 to 10
carbon atoms; or an aryl group of 6 to 20 carbon atoms.

In order to solve the above-described tasks, another
embodiment of the present invention provides a catalyst
composition including the above-described transition metal
compound of Formula 1.

In order to solve the above-described tasks, another
embodiment of the present imnvention provides a method for
preparing an olefin polymer, including a step of polymeriz-
ing a monomer mixture including an olefin monomer in the
presence of the above-described catalyst composition.

Advantageous Elflects

The transition metal compound according to the present
invention has a novel structure having further improved
structural stability through the formation of a stable coor-
dination site of a transition metal and the control of a bond
angle at the same time, and may produce an olefin polymer
having excellent copolymerization properties, and thus hav-
ing a high molecular weight 1n a ultra low density region.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

It will be understood that words or terms used in the
description and claims of the present invention shall not be
interpreted as the meaning defined in commonly used dic-
tionaries. It will be further understood that the words or
terms should be interpreted as having a meaning that 1s
consistent with their meaming of the technical idea of the
invention, based on the principle that an inventor may
properly define the meaning of the words or terms to best
explain the mvention.

Definition of Terms

The term “composition” used in the present disclosure
includes a mixture of materials including the corresponding
composition as well as a reaction product and decomposition
product formed from matenials of the corresponding com-
position.

The term “polymer” used 1n the present disclosure refers
to a polymer compound prepared by polymerizing mono-
mers, wrrespective of the same or different kinds. Such a
general term of polymer includes the term of homopolymer
used for referring to a polymer prepared from only one kind
of monomer and the term of interpolymer specified as
follows.

The term “interpolymer” used in the present disclosure
refers to a polymer prepared by polymerizing at least two
different kinds of monomers. Like this, a general term of
interpolymer includes copolymer which 1s commonly used
to refer to a polymer prepared from two different kinds of
monomers, and a polymer prepared from two or more
different kinds of monomers.

In the present disclosure, each of an alkyl group and an
alkenyl group may be a linear chain or a branched chain.

In the present disclosure, an aryl group includes mono-
cyclic or polycyclic aryl, particularly, phenyl, naphthyl,

anthryl, phenanthryl chrysenyl, pyrenyl, etc.

The terms “comprising”, “including”, and “having” and
the derivatives thereof, though these terms are particularly
disclosed or not, do not intended to preclude the presence of

optional additional components, steps, or processes. In order
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6

to avoild any uncertainty, all compositions claimed by using
the term “comprising” may iclude optional additional addi-
tives, auxiliaries, or compounds, including a polymer or any
other materials, unless otherwise described to the contrary.
In contrast, the term *“consisting essentially of ~” excludes
unnecessary ones for operation and precludes optional other
components, steps or processes from the scope of optional
continuous description. The term “consisting of ~7 pre-
cludes optional components, steps or processes, which are
not particularly described or illustrated.

Measurement Methods

“Weight average molecular weight (g/mol), number aver-
age molecular weight and molecular weight distribution
(MWD)” may be obtained by measuring a number average
molecular weight (Mn) and a weight average molecular
weight (Mw), respectively, by gel permeation chromatogra-
phy (GPC, GPC220, Agilent Technologies 1260 Infinity 11
High temperature GPC system) under the conditions below,
and the molecular weight distribution may be calculated by
dividing the weight average molecular weight by the number
average molecular weight.

Particularly, PL. Olexis (Polymer Laboratories Co.) may
be used as a column, trichlorobenzene (TCB) may be
applied as a solvent, and measurement may be performed
under conditions of a tlow rate of 1.0 ml/min, a specimen
concentration of 1.0 mg/ml, an 1mjection amount of 200 pl,
and a column temperature: 160° C. The molecular weights
may be derived by calibrating (polystyrene standard) by
tertiary function using a detector (Detector, Agilent High
Temperature RI detector).

“Density (g/cm>)” may be obtained by manufacturing a
sample using a press mold at 180° C. into a sheet having a
thickness of 3 mm and a radius of 2 cm according to ASTM
D-792, cooling 1n a rate of 10° C./min and measuring on a
Mettler balance.

“Melt index (MI2.16, g/10 min)” may be obtaimned by
measuring melt imdex (MI) according to ASTM D-1238
(condition E, 190° C., 2.16 kg load), and “Melt flow rate
ratio (MFPR, MIlO/2 0)” may be obtained by measuring
melt indexes (MI) according to ASTM D-1238 (condition E

190° C., 2.16 kg load and 10 kg load) and expressing as a

ratio ol two melt indexes.

“Melting temperature (Im, © C.)” 1s measured as the
melting temperature of a polymer using a differential scan-
ning calorimeter, (DSC, apparatus name: DSC 2920, manu-
facturer: TA mstrument). Particularly, a polymer 1s heated to
150° C., this temperature 1s kept for 5 minutes, the tem-
perature 1s decreased to —100° C., and the temperature 1s
increased again, where the increasing rate and decreasing
rate of the temperature 1s controlled to 10° C./min, respec-
tively, and the melting temperature 1s the maximum point of
an absorption peak measured in the second increasing sec-
tion of the temperature.

“Crystallization temperature (Ic, © C.)” 1s obtained by
performing the same method as the measurement of the
melting temperature using DSC and measuring the maxi-
mum point of a heating peak from a curve shown while
decreasing the temperature.

Heremafiter, the present invention will be explained in
more detail to assist the understanding of the present inven-
tion.

Transition Metal Compound

According to an embodiment of the present invention,
there 1s provided a transition metal compound of the fol-
lowing Formula 1:

1
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|[Formula 1]
Rj2
Ry
Rj3
Rig
Ryg
S R s
Ry
RS\ A Rie
Rj7
/ Q2
R® R,
R> R,
R4 Rz

In Formula 1,

R, to R, are each independently hydrogen; —NR _R,; a
substituted or unsubstituted alkyl group of 1 to 20
carbon atoms; a substituted or unsubstituted cycloalkyl
group of 3 to 20 carbon atoms; a substituted or unsub-
stituted alkenyl group of 2 to 20 carbon atoms; a
substituted or unsubstituted alkoxy group of 1 to 20
carbon atoms; or a substituted or unsubstituted aryl
group of 6 to 20 carbon atoms,

R- to R,, are each independently hydrogen; —NR R, ; a
substituted or unsubstituted alkyl group of 1 to 20
carbon atoms; a substituted or unsubstituted cycloalkyl
group of 3 to 20 carbon atoms; a substituted or unsub-
stituted alkenyl group of 2 to 20 carbon atoms; a
substituted or unsubstituted alkoxy group of 1 to 20
carbon atoms; or a substituted or unsubstituted aryl
group of 6 to 20 carbon atoms,

M 1s a transition metal 1n group 4;

Q, and Q, are each independently hydrogen; halogen;
—NR _R,; a substituted or unsubstituted alkyl group of
1 to 20 carbon atoms; a substituted or unsubstituted
cycloalkyl group of 3 to 20 carbon atoms; a substituted
or unsubstituted alkenyl group of 2 to 20 carbon atoms;
or a substituted or unsubstituted aryl group of 6 to 20
carbon atoms,

a substituent of the substituted alkyl group, the substituted
cycloalkyl group, the substituted alkenyl group, the
substituted alkoxy group and the substituted aryl group
of R, to R,,, Q; and Q, 1s selected from the group
consisting of —NR _R,, an alkyl group of 1 to 10
carbon atoms, a cycloalkyl group of 3 to 20 carbon
atoms, an aryl group of 6 to 20 carbon atoms and an
alkoxy group of 1 to 10 carbon atoms, and

R_and R, are each mdependently hydrogen; an alkyl
group of 1 to 10 carbon atoms; a cycloalkyl group of 3
to 10 carbon atoms; or an aryl group of 6 to 20 carbon
atoms.

In the transition metal compound of Formula 1 described
in the present disclosure, a metal site 1s connected by a
cyclopentadienyl (Cp) ligand and an amino group which 1s
tused to a phenylene bridge 1n a ring shape, and its structure
has a narrow Cp-M-N angle and a wide Q,-M-Q, angle to
which a monomer may approach. Particularly, benzothi-
ophene and benzene are fused to both sides of the cyclo-
pentadienyl ring, respectively, and the Cp-M-N angle may
decrease further.
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In addition, different from a CGC structure connected by
a silicon bridge, 1n the compound structure represented by
Formula 1, cyclopentadiene to which benzothiophene 1is
fused by a ring-type bond, a phenylene bridge, nitrogen and
a metal site are connected in order, and a more stable and
rigid pentagonal ring structure may be formed, and a ben-
zene ring 1s additionally fused to the cyclopentadienyl ring,
and this pentagonal ring structure may have a more rigid
structure.

Accordingly, 1t applying the compounds to olefin polym-
erization after reacting with a cocatalyst such as methyl
aluminoxane and B(C.F ), and activating, an olefin polymer
having high activity, high molecular weight and high copo-
lymerization degree may be produced even at a high polym-
erization temperature. Particularly, since a large amount of
alpha-olefin may be introduced as well as a linear polyeth-
ylene having a low density degree of 0.910-0.930 g/cc due
to the structural characteristics of the catalyst, a polyolefin
copolymer having a ultra low density of less than 0.910 g/cc,
less than 0.890 g/cc, down to 0.850 g/cc may be produced.

Particularly, the transition metal compound may introduce
various substituents to a benzene ring (positioned at the
opposite side of benzothiophene) which 1s fused to the
cyclopentadienyl ring, and this may ultimately control elec-
tronic and steric environment around a metal and may
control the structure and physical properties of polyolefin
produced. For example, 1n case of the benzene ring fused at
the opposite side of the fused position of the benzothiophene
of the cyclopentadienyl ring, outstanding eflects for stabi-
lizing an unstable transition metal (T1, etc.) may be shown,
because this benzene ring has a structure having p1 electrons
with a planar structure. Accordingly, significant improve-
ment of copolymerization properties may be expected, addi-
tionally, a Cp-M-N bond angle may be more easily con-
trolled, and copolymerization properties may be improved
turther. Therefore, a copolymer having a high molecular
weight and ultra low density may be prepared.

The compound of Formula 1 may preferably be used for
preparing a catalyst for polymerizing an olefin monomer, but
may be applied i all fields where the transition metal
compound may be used, without limitation.

According to an embodiment of the present invention, 1n
Formula 1, R, to R, may be each independently hydrogen;
a substituted or unsubstituted alkyl group of 1 to 20 carbon
atoms; a substituted or unsubstituted cycloalkyl group of 3
to 20 carbon atoms; or a substituted or unsubstituted aryl
group of 6 to 20 carbon atoms,

R to R, may be each independently hydrogen; a substi-
tuted or unsubstituted alkyl group of 1 to 20 carbon
atoms; a substituted or unsubstituted cycloalkyl group
of 3 to 20 carbon atoms; or a substituted or unsubsti-
tuted aryl group of 6 to 20 carbon atoms,

M may be Ti, Hf or Zr, and

Q, and Q, may be each independently hydrogen; halogen;
a substituted or unsubstituted alkyl group of 1 to 20
carbon atoms; a substituted or unsubstituted cycloalkyl
group ol 3 to 20 carbon atoms; or an unsubstituted aryl
group of 6 to 20 carbon atoms.

If each substituent 1s “substituted” as described above, the
substituent may be selected from the group consisting of
—NR _R,, an alkyl group of 1 to 10 carbon atoms, a
cycloalkyl group of 3 to 20 carbon atoms, an aryl group of
6 to 20 carbon atoms and an alkoxy group of 1 to 10 carbon
atoms, and R, and R, are the same as referred to in Formula
1.

According to an embodiment of the present invention, 1n
order to further improve the copolymerization properties of
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the transition metal compound, preferably, R, to R, may be
cach independently hydrogen; an alkyl group of 1 to 10
carbon atoms; a cycloalkyl group of 3 to 10 carbon atoms;
or an aryl group of 6 to 20 carbon atoms, R- to R~ may be
cach independently hydrogen; an alkyl group of 1 to 10
carbon atoms; a cycloalkyl group of 3 to 10 carbon atoms;
or an aryl group of 6 to 20 carbon atoms, and Q, and (Q, may
be each independently hydrogen; halogen; an alkyl group of
1 to 10 carbon atoms; a cycloalkyl group of 3 to 10 carbon
atoms; or an aryl group of 6 to 20 carbon atoms. That 1s, all
substituents may preferably not be substituted but be unsub-
stituted considering the improvement of copolymerization
properties.

Particularly, R, to R may be each independently hydro-
gen; or an alkyl group of 1 to 10 carbon atoms, and
particularly, one or more among R, to R, may be an alkyl
group of 1 to 10 carbon atoms. Preferably, R, to R, may be
hydrogen, R, may be hydrogen or an alkyl group of 1 to 10
carbon atoms. If R, 1s an alkyl group of 1 to 10 carbon
atoms, carbon bonded thereto may become chiral carbon,
and accordingly, the copolymerization properties of the
transition metal compound may be improved. In addition, all
R, to R, may be hydrogen, and in this case, the copolymer-
1zation properties may be optimized.

R, to R,, may be each independently hydrogen; or an
alkyl group of 1 to 10 carbon atoms. By mtroducing an
appropriate branch-type or linear-type bulky substituent to
R, to R,,, the molecular structure of the whole transition
metal compound may be easily controlled through the
deformation of the position of a phenylene bridge or sterical
structure of a fused ring.

M 1s a transition metal and may be a transition metal in
group 4, and may be 11, Zr or Hi, preferably, 1.

Q, and Q, may be each independently hydrogen; halogen;
or an alkyl group of 1 to 10 carbon atoms. (Q; and Q, are
substituents bonded to a transition metal and are positioned
at the front line of a pathway where a monomer approaches,
in case where the transition metal compound acts as a
catalyst. Accordingly, Q, and Q, are required to be selected
as suitable substituents controlling the independent reactiv-
ity of the transition metal and not preventing the approach of
a monomer.

The transition metal compound may be selected from a
compound of the following Formula 1-1 or a compound of
the following Formula 1-2:

|Formula 1-1]
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-continued
|Formula 1-2]

Method for Preparing Transition Metal Compound

The compound of Formula 1 may be prepared by the
following steps a) to d):

a) a step of reacting an amine-based compound repre-
sented by Formula 2 below and an alkyllithium, and
adding a compound including a protecting group

(—R,) to prepare a compound represented by Formula
3 below;

b) a step of reacting the compound represented by For-
mula 3 with an alkyllithium, and adding a ketone-based
compound represented by Formula 4 below to prepare
an amine-based compound represented by Formula 5
below;

¢) a step of reacting a compound represented by Formula
5> with n-butyllithtum to prepare a dilithium compound
represented by Formula 6 below; and

d) a step of reacting a compound represented by Formula
6, MCl, (M=transition metal 1n group 4) and an orga-
nometallic compound to prepare a transition metal
compound represented by Formula 1.

|Formula 2]

|Formula 3]
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-continued
|[Formula 4]
Rz
Rjj
/ \ Ri3
R
10 /:____ R,
S 0 Rys
O Rig
Rj7
|Formula 5]
Rys
Ry
Rz
Rig N
14
S Rjs
Ry
RS Rlﬁ
Ry7
R- NH
RS R,
R R,
Ry Ry
|Formula 6]
Rz
Ry
/ \ Rz
R
10 [""‘""' R,
S Rjs
Ro
it
Rs )\ R
N AN 16

In Formulae 2 to 6, R' 1s hydrogen, R, 1s a protecting
group, and other substituents are the same as defined 1n
Formula 1.

In the step a), the compound including the protecting
group may be selected from trimethylsilyl chlonide, benzyl
chloride, t-butoxycarbonyl chloride, benzyloxycarbonyl
chloride and carbon dioxide.

If the compound including the protecting group 1s carbon
dioxide, Formula 3 may be a lithium carbamate compound

represented by the following Formula 3a:
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|Formula 3a]

The explanation on the substituent i1s the same as defined
in Formula 2.

In addition, the organometallic compound 1n the step d)
may be an organomagnesium compound, or a Grignard
reagent inducing Grignard reaction.

If the preparation method 1s brietly expressed by simpli-
tying all substituents, the preparation method may be

expressed through a mechanism as the following Reaction 1,
and through such a method, the compound of Formula 1 may

be prepared.

|Reaction 1]
X
/ NH 1) nBul.i
2) CO2
X OLi
1) tBuLi
P . /J\O ) tBul.i _
2) CO2
S
7 / \ 1) nBuLi
2) TiCly
‘/\/ —=  3)MeMgBr
N\

NH
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Catalyst Composition

According to an embodiment of the present mvention,
there 1s provided a catalyst composition including the com-
pound of Formula 1.

The catalyst composition may further include a cocata-
lyst. As the cocatalyst, any one known 1n the techmcal field
may be used.

For example, the catalyst composition may further
include at least one among the following Formulae 7 to 9 as
the cocatalyst:

—[Al(R55)—0O] — [Formula 7]

where each R,, 1s independently a halogen radical; a
hydrocarbyl radical of 1 to 20 carbon atoms; or a
halogen-substituted hydrocarbyl radical of 1 to 20
carbon atoms; and a 1s an 1nteger of 2 or more;

D(R55)3 [Formula 8]

where D 1s aluminum or boron; and each R, 1s indepen-
dently the same as defined above;

[L-H]*[Z(A)]~ or [L]*[Z(A)] [Formula 9]

where L. 1s a neutral or a cationic Lewis acid; H 1s a
hydrogen atom; Z 1s an element 1n group 13; and each
A 1s independently aryl of 6 to 20 carbon atoms or alkyl
of 1 to carbon atoms, where one or more hydrogen
atoms may be substituted with substituents; wherein
the substituent 1s halogen, hydrocarbyl of 1 to 20
carbon atoms, alkoxy of 1 to 20 carbon atoms, or
aryloxy of 6 to 20 carbon atoms.

As the method for preparing the catalyst composition,
there 1s provided a first preparation method including a step
of obtaining a mixture by contacting the transition metal
compound represented by Formula 1 with the compound
represented by Formula 7 or Formula 8; and a step of adding,
the compound represented by Formula 9 to the mixture.

Also, there 1s provided a second preparation method of the
catalyst composition including contacting the transition
metal compound represented by Formula 1 with the com-
pound represented by Formula 9.

In the first method among the preparation methods of the
catalyst composition, the molar ratio of the compound
represented by Formula 7 or Formula 8 with respect to the
transition metal compound represented by Formula 1 may
preferably be from 1:2 to 1:5,000, more preferably, from
1:10 to 1:1,000, most preferably, from 1:20 to 1:300.

Meanwhile, the molar ratio of the compound represented
by Formula 9 with respect to the transition metal compound
represented by Formula 1 may preferably be from 1:1 to
1:25, more preferably, from 1:1 to 1:10, most preferably,
from 1:1 to 1:5.

If the molar ratio of the compound represented by For-
mula 7 or Formula 8 with respect to the transition metal
compound represented by Formula 1 1s less than 1:2, the
amount of an alkylating agent 1s very small, and the alky-
lation of the metal compound may be incompletely
achieved, and 1f the molar ratio 1s greater than 1:5,000, the
alkylation of the metal compound may be performed, but
side reactions between the remaining excessive amount of
alkylating agent and the activating agent of Formula 9 may
be performed, and the activation of the alkylated metal
compound may be incompletely achieved. In addition, 11 the
molar ratio of the compound represented by Formula 9 with
respect to the transition metal compound of Formula 1 1s less
than 1:1, the amount of the activating agent is relatively
small, the activation of the metal compound may be incom-
pletely achieved, and the activity of the catalyst composition
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thus prepared may be reduced, and 1f the molar ratio 1s
greater than 1:25, the activation of the metal compound may
be completely achieved, but the excessive amount of acti-
vating agent remained may increase the unit cost of the
catalyst composition or decrease the purity of the polymer
thus prepared.

In the second method among the preparation methods of
the catalyst composition, the molar ratio of the compound
represented by Formula 9 with respect to the transition metal
compound of Formula 1 may preferably be from 1:1 to
1:500, more preferably, from 1:1 to 1:50, most preferably,
from 1:2 to 1:25. If the molar ratio 1s less than 1:1, the
amount of the activating agent 1s relatively small, the
activation of the metal compound may be incompletely
achieved, and the activity of the catalyst composition thus
prepared may be reduced, and if the molar ratio 1s greater
than 1:500, the activation of the metal compound may be
completely achieved, but the excessive amount of activating
agent remained may increase the unit cost of the catalyst
composition or decrease the purity of the polymer thus
prepared.

As the reaction solvent used during the preparation of the
composition, a hydrocarbon solvent such as pentane, hexane
and heptane, or an aromatic solvent such as benzene and
toluene may be used, but the present invention 1s not limited
thereto, and all solvents used 1n this technical field may be
used.

In addition, the transition metal compound of Formula 1
and the cocatalyst may be used i a supported type by a
support. Silica or alumina may be used as the support.

The compound represented by Formula 7 1s not specifi-
cally limited as long as alkylaluminoxane 1s used. Preferable
examples thereol may include methylaluminoxane, ethyl-
aluminoxane, 1sobutylaluminoxane, butylaluminoxane, etc.,
more preferably, methylaluminoxane.

The compound represented by Formula 8 1s not specifi-
cally limited, and preferable examples thereof may include
trimethylaluminum, triethylaluminum, trizsobutylaluminum,
tripropylaluminum, tributylaluminum, dimethylchloroalu-
minum, trisopropylaluminum, tri-s-butylaluminum, tricy-
clopentylaluminum, tripentylaluminum, triisopentylalumi-
num, trihexylaluminum, trioctylaluminum,
cthyldimethylaluminum, methyldiethylaluminum, triph-
enylaluminum, tri-p-tolylaluminum, dimethylaluminum-
methoxide, dimethylaluminumethoxide, trimethylboron, tri-
cthylboron, triisobutylboron, tripropylboron, tributylboron,
etc., and more preferably, selected from trimethylaluminum,
triethylaluminum, and trizsobutylaluminum.

Examples of the compound represented by Formula 9
may include triethylammoniumtetraphenylboron, tributy-
lammoniumtetraphenylboron, trimethylammoniumtetraphe-
nylboron, tripropylammomumtetraphenylboron, trimethyl-
ammoniumtetra(p-tolyl)boron, trimethylammoniumtetra(o,
p-dimethylphenyl)boron, tributylammoniumtetra(p-
tritluoromethylphenyl)boron, trimethylammoniumtetra(p-
tritluoromethylphenyl)boron,
tributylammonmiumtetrapentatluorophenylboron, N,N-dieth-
ylamlinmumtetraphenylboron, = N,N-diethylaniliniumtetra-
pentatluorophenylboron, diethylammoniumtetrapentatiuo-
rophenylboron,  triphenylphosphoniumtetraphenylboron,
trimethylphosphoniumtetraphenylboron, triethylammoni-
umtetraphenylaluminum, tributylammomumtetraphenylalu-
minum, trimethylammoniumtetraphenylaluminum, tripro-
pylammoniumtetraphenylaluminum,
trimethylammoniumtetra(p-tolyl)aluminum, tripropylam-
moniumtetra(p-tolyl)aluminum, triethylammoniumtetra(o,
p-dimethylphenylaluminum, tributylammoniumtetra(p-trii-
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luoromethylphenyl)aluminum, trimethylammoniumtetra(p-
tritfluoromethylphenyl)aluminum,
tributylammoniumtetrapentatfluorophenylaluminum, N,N-
diethylaniliniumtetraphenylaluminum, N,N-diethylanilini-
umtetrapentatluorophenylaluminum, triphenylphosphoni-
umtetraphenylaluminum,
trimethylphosphoniumtetraphenylaluminum, triethylammo-
niumtetraphenylaluminum, tributylammoniumtetraphenyl-
aluminum, trimethylammoniumtetraphenylboron, tripropy-
lammoniumtetraphenylboron, trimethylammoniumtetra(p-
tolyl)boron, tripropylammoniumtetra(p-tolyl)boron,
triethylammoniumtetra(o,p-dimethylphenyl)boron, trimeth-
ylammoniumtetra(o,p-dimethylphenyl)boron, tributylam-
moniumtetra(p-trifluoromethylphenyl)boron, trimethylam-
moniumtetra(p-tritfluoromethylphenyl)boron,

tributylammoniumtetrapentatluorophenylboron, triph-
enylphosphoniumtetraphenylboron, triphenylcarboni-
umtetra(p-trifluoromethylphenyl)boron, triphenylcarboni-

umtetrapentatluorophenylboron, etc.

Method for Preparing Olefin Polymer

According to an embodiment of the present invention,
there 1s provided a method for preparing an olefin polymer,
including a step of polymerizing a monomer mixture includ-
ing an olefin monomer in the presence of the catalyst
composition mncluding the transition metal compound rep-
resented by Formula 1; and one or more compounds selected

from the compounds represented by Formula 7 to Formula
9.

The monomer mixture may further include an alpha olefin
comonomer, and according to the monomer mixture, the
olefin polymer may become an olefin homopolymer or an
olefin-alpha olefin copolymer.

The most preferable polymer preparation process using
the catalyst composition 1s a solution process. If the catalyst
composition 1s used together with an 1norganic support such
as silica, 1t may also be applied to a slurry process or a gas
phase process.

In the preparation process of a polymer, the activated
catalyst composition may be 1njected after being dissolved
or diluted 1n an aliphatic hydrocarbon solvent of 5 to 12

carbon atoms such as pentane, hexane, heptane, nonane,
decane, 1somers thereof, an aromatic hydrocarbon solvent
such as toluene and benzene, or a hydrocarbon solvent
substituted with a chlorine atom such as dichloromethane
and chlorobenzene, which are suitable for an olefin polym-
erization process. The solvent used may preferably be used
alter removing a small amount of water or air, which
functions as a catalyst poison, by treating with a small
amount of alkylaluminum, and may be used by further using
a cocatalyst.

The monomer which may be included in the monomer
mixture polymerizable using the metal compound and the
cocatalyst may include ethylene, alpha-olefin, cyclic olefin,
etc., and a diene olefin-based monomer, a triene olefin-based
monomer, etc. having two or more double bonds, may also
be polymerized. Particular examples of the monomer may
include ethylene, or propylene as an olefin monomer,
1-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 1-hep-
tene, 1-octene, 1-decene, 1-undecene, 1-dodecene, 1-tetra-
decene, 1-hexadecene, 1-icocene, etc., as an alpha olefin
monomer, norbornene, norbornadiene, ethylidenenor-
bornene, phenylnorbornene, vinylnorbornene, dicyclopenta-
diene, 1,4-butadiene, 1,5-pentadiene, 1,6-hexadiene, sty-
rene, alpha-methyl styrene, divinylbenzene,
3-chloromethylstyrene, etc. as a diene monomer. Two or
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more of the monomers may be mixed and copolymerized,
and three or more thereof may be mixed to prepare an
interpolymer.

Particularly, in the preparation method of the present
invention, the catalyst composition icluding the transition
metal compound of Formula 1 has characteristics of prepar-
ing a copolymer having a ultra low density of a polymer
density of 0.91 g/cc or less while having a high molecular
weight, 1n the copolymerization reaction of ethylene and a
monomer having large steric hindrance such as 1-octene
even at a high reaction temperature of 90° C. or more.

According to an embodiment, the polymer prepared by

the preparation method of the present invention may have a
density of less than 0.91 g/cc.

According to another embodiment, the polymer prepared
by the preparation method of the present invention may have
a density of less than 0.89 g/cc.

According to an embodiment, the polymer prepared by
the preparation method of the present invention may have a
density of 0.88 g/cc or less, preferably, 0.87 g/cc or less.

According to an embodiment, the polymer prepared by

the preparation method of the present invention has Tc of
75° C. or less.

According to an embodiment, the polymer prepared by
the preparation method of the present invention has Tm of

95° C. or less.

According to an embodiment, the polymer prepared by

the preparation method of the present invention has Tm of
91° C. or less.

According to an embodiment, the polymer prepared by
the preparation method of the present invention has Tm of

less than 87° C.

According to an embodiment of the present invention, the
polymer prepared by the preparation method of the present
invention may have a weight average molecular weight

(Mw) of 100,000 or more, or 100,000 to 1,000,000, 1f

measured by polystyrene conversion gel permeation chro-
matography. By utilizing the catalyst composition including
the transition metal compound of Formula 1, an olefin
polymer 1n a high molecular weight region may be prepared,
and such a polymer has a ultra low density properties, and

thus may accomplish significantly excellent physical prop-
erties 11 applied to a hot melt adhesive, compound, film, etc.

According to an embodiment of the present invention, the
polymer prepared by the preparation method of the present
invention may have molecular weight distribution (MWD)
of 3 or less, 1 to 3, preferably, 1.5 to 2.9, or 2 to 2.85, and
thus, processability may be excellent, and the reproducibility
for accomplishing the physical properties of applied prod-
ucts may be increased.

EXAMPLES

Heremnaftter, the present invention will be explained more
particularly referring to the examples. However, the
examples are for assisting the understanding of the present
invention, and the scope of the present invention i1s not
limited thereto.

Organic reagents and solvents in the Synthetic Examples
and Examples were purchased from Aldrich Co. and used
alter puritying by standard methods unless otherwise noted.
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1. Synthesis of Transition Metal Compounds

Synthetic Example 1

Preparation of Compound of Formula 1-1

1) Synthesis of Ligand Compound

2-methyl-1,2,3.4-tetrahydroquinoline (2 g, 2.25 mmol)
and diethyl ether (50 ml) were put 1n a Schlenk flask. The
Schlenk flask was dipped 1n a low-temperature bath cooled
to =78° C. using dry 1ce and acetone, and the reactants were
stirred for 30 minutes. Then, n-Bul1 (n-butyllithium, 9.8 ml,
2.5 M, 24.6 mmol) was 1njected using a syringe under an
argon atmosphere, and a pale yellow slurry was formed.
After that, the flask was stirred for 17 hours, and the
temperature of the flask was increased to room temperature
while removing a butane gas produced. The flask was dipped
in the low-temperature bath to decrease the temperature to
-78° C. again, and a CO, gas was injected. According to the

injection of the carbon dioxide gas, the slurry disappeared,
and a transparent solution was obtained. The flask was
connected to a bubbler and the temperature was increased to
room temperature while removing carbon dioxide. After
that, remaining CO, gas and solvents were removed in
vacuum. After transporting the flask into a dry box, pentane
was applied and then the resultant product was vigorously
stirred and filtered to obtain lithrum carbamate (lithium
2-methyl-3,4-dihydroquinoline-1(2H)-carboxylate) of a
white solid compound. In the white solid compound, diethyl
cther made a coordination bond. In this case, yield was
100%.

The lithtum carbamate compound (3.91 g, 21.36 mmol)
thus prepared was put in a Schlenk flask. Then, tetrahydro-
turan (2 g, 27.77 mmol) and 45 ml of diethyl ether were
added one by one. To a low-temperature bath cooled to —20°
C. using acetone and a small amount of dry ice, the Schlenk
flask was dipped and stirred for 30 minutes. Then, tert-Bul .1
(17 ml, 28.84 mmol) was put. In this case, the color of the
reaction mixture changed to red. Stirring was performed for
3 hours while keeping —20° C. Lithium bromide (L1Br) (3.15
g 36.3 mmol) dissolved mn 15 ml of tetrahydrofuran and
6H-benzo[b]indeno[ 1,2-d]thiophen-6-on (3 g, 13.88 mmol)
were mixed 1 a syringe and then injected into the flask
under an argon atmosphere. The reaction was performed for
1’7 hours while keeping -20° C., and then, a thermostat was
removed, and the temperature was kept to room temperature.
Then, water (15 ml) was added to the tlask, and dimethyl
chloride was added. The resultant mixture was transported to
a separating funnel, and hydrochloric acid (3 N, 50 ml) was
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added, followed by shaking for 12 minutes. A saturated
sodium hydrogen carbonate aqueous solution (100 ml) was
added to neutralize, and an organic layer was extracted.
Anhydrous magnesium sulfate was added to the organic
layer to remove moisture, and filtering was performed. The
filtrate was taken, and solvents were removed. The filtrate
thus obtained was separated by column chromatography
using hexane and dimethyl chloride (v/v, 10:1) solvents to
obtain a yellow solid. Yield was 57.15%.

"HNMR(CD,, C.D.N):  0.776-0.789 (d, 3H, quin-3H),
2.484-2.583 (br, 2H, quin-CH,) 2.976 (br s, 1H, quin-CH,),
4.823-4.801 (br, 1H, quin) 6.294-6.278 (d, 1H, Aromatic),
6.709-6.694 (t, 1H, Aromatic), 6.933-6.918 (d, 1H, Aro-
matic), 7.012-7.258 (d, 6H, Aromatic), 7.742-7.728 (d, 1H,
Aromatic), 8.046-8.031 (d, 1H, Aromatic) ppm.

2) Synthesis of Transition Metal Compound of Formula
1-1

In a dry box, 8-(10H-benzo[b]indeno[1,2-d]thiophen-10-
yl)-2-methyl-1,2,3,4-tetrahydroquinoline (1 g, 3.02 mmol)
prepared 1n 1) and 30 ml of diethyl ether were added to a
round flask, the temperature was decreased to -30° C., and
MeMgBr (11.3 ml, 1.6 M, 18.1 mmol) was slowly added
while stirring. The reaction was performed for 17 hours
while increasing the temperature to room temperature. The
temperature of the tlask was decreased to -30° C., Ti(Cl,
(3.02 ml, 1 M, 3.02 mmol) was slowly added at -30° C.
while stirring, and the reaction mixture was stirred for 6
hours while increasing the temperature to room temperature.
After finishing the reaction, vacuum was applied, and sol-
vents were removed, and then, the resultant product was
dissolved 1n toluene and filtered, and the filtrate was taken.
Toluene was removed by applying vacuum to obtain a
yellowish brown compound (786.3 mg). Yield was 63.9%.

'H NMR(C.D,) & 7.974-7.936 (d, 2H, Ar—H), 7.204-
6.776 (m, 9H, Ar—H), 5.168-5.159 (m, 1H, quin-CH),
2.650-2.620 (t, 2H, quin), 1.543-1.518 (t, 2H, quun), 1.102-
1.089 (d, 3H, quin-CH,), 0.296 (s, T1—CH,), 0.140 (s,
T1—CH,), 0.114 (s, Ti—CH,), 0.064 (s, Ti—CH;) ppm.

Synthetic Example 2

Synthesis of Compound of Formula 1-2

1) Synthesis of Ligand Compound

A ligand compound was obtained by the same method as
Synthetic Example 1 except for mjecting 1,2,3,4-tetrahyd-
roquinoline instead of 2-methyl-1,2,3,4-tetrahydroquinoline
to a Schlenk flask 1n Synthetic Example 1. Yield was 40%.
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"H NMR(C.D,., C.D.N): 8 0.832-0.860 (t, 1H, Cp-1H),
1.617-1.606 (m, 2H, quinH), 2.523-2.161 (br, 3H, quin-
CH,) 4.751-4.607 (br, 1H, quin-CH,), 7.204-6.609 (d, 9H,
Aromatic), 7.704-7.688 (d, 1H, Aromatic), 8.003-7.987 (d,
1H, Aromatic) ppm.

2) Synthesis of Transition Metal Compound of Formula
1-2

The transition metal compound of Formula 1-2 was
obtained by the same method as 2) in Synthetic Example 1.

Yield was 65.3%.

'H NMR(C,D,) & 8.047-8.031 (d, 2H, Ar—H), 7.982-
7.932 (m, 3H, Ar—H), 7.747-7.733 (d, 2H, Ar—H), 7.206-
6.776 (m, 4H, Ar—H), 4.281-4.280 (m, 2H, quin-CH,),
2.386-2.362 (t, 2H, quin), 1.552-1.543 (t, 2H, quin), 0.206
(s, 3H, Ti—CH,), 0.089 (s, 3H, Ti—CH,) ppm.

Comparative Synthetic Examples 1 to 5

The contact of air and moisture was blocked 1n all steps
of synthesis to increase the reproducibility of an experiment.
Compound A of Comparative Example 1 was CGC [Me,S1
(Me,C)NtBu|TiMel, (Constrained-Geometry Catalyst,
hereinafter, abbreviated as CGC), Compound E of Com-
parative Example 5 was synthesized by a known method
according to U.S. Pat. Registration No. 6,015,916, and
Compounds B, C and D of Comparative Examples 2 to 4
were synthesized by known methods according to Korean
Patent Registration No. 10-1528102 (Compounds 1 to 3,
respectively).

|Compound A

|Compound B
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-continued
|Compound C]

|Compiund D]

|Compound E]

2. Preparation of Olefin Polymer

Examples 1 and 2, and Comparative Examples 1 to
4

To a 2 L, autoclave reactor, a hexane solvent (1.0 L) and
200 ml of 1-octene (purity 90%) were added, and the
temperature ol the reactor was pre-heated to 150° C. At the
same time, the pressure of the reactor was set 1 advance
using ethylene (35 bar). Each transition metal compound
(3.0 umol) synthesized 1n each of the Synthetic Examples
and Comparative Synthetic Examples, treated with 0.8

mmol of triisobutyl aluminum (TiBAL) and a dimethyl-
anilinium tetrakis(pentatluorophenyl) borate cocatalyst (10
eq) were put in the reactor one by one by applying a
high-pressure argon (molar ratio of Al:T1=10:1). Then, copo-
lymerization reaction was performed for 8 minutes. After
that, remaining ethylene gas was exhausted, and a polymer
solution was added to an excessive amount of ethanol to
induce precipitation. The precipitated polymer was washed
with ethanol and acetone twice or three times, respectively,
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and dried 1n a vacuum oven of 80° C. for 12 hours or more,
and physical properties were measured.

Comparative Example 5

A polymer was obtained by the same method as Example
1 except for using Compound E 1nstead of the compound of
Synthetic Example 1 and applying 240 ml of 1-octene 1n
Example 1.

3. Evaluation of Physical Properties

1) Density (g/cm’): According to ASTM D-792, a sheet
having a thickness of 3 mm and a radius of 2 cm was
manufactured using a press mold at 180° C. as a sample,
cooled 1n 10° C./min, and measured on a Mettler balance.

2) Melt index (M12.16, g/10 min): Melt index (MI) was
measured according to ASTM D-1238 (condition E, 190° C.,
2.16 kg load).

3) Melt flow rate ratio (MFRR, MI10/2.0): Melt indexes
(MI) were measured according to ASTM D-1238 (condition
E, 190° C., 2.16 kg load and 10 kg load), and a ratio of two
melt indexes was shown.

4) Melting temperature (I'm, © C.): The melting tempera-
ture ol a polymer was measured using a diflerential scanming,
calorimeter (DSC, apparatus name: DSC 2920, manufac-
turer: TA instrument). Particularly, a polymer was heated to
150° C., this temperature was kept for 5 minutes, the
temperature was decreased to —100° C., and the temperature
was 1ncreased again. In this case, the increasing rate and
decreasing rate of the temperature were controlled to 10°
C./min, respectively. The melting temperature was set to the
maximum point ol an absorption peak measured in the
second 1ncreasing section of the temperature.

5) Crystallization temperature (Ic, © C.): Obtained by
performing the same method as the measurement of the
melting temperature using DSC, and the maximum point of
a heating peak from a curve shown while decreasing the
temperature was set as the crystallization temperature.

4. Evaluation Results of Physical Properties

The physical properties of the polymers prepared in
Examples 1 and 2, and Comparative Examples 1 to 5 are
shown 1n Table 1 below.

TABLE 1
Transition
metal
compound Density MI2.16 MFRR Ic

Example 1  Formula 1-1 0.863 0.92 8.13  7.1/41.9/68.6
Example 2 Formula 1-2 0.865 1.0 7.36 24.77/72.7
Comparative Compound A 0.900 31.54 8.60 44.2/82.7
Example 1

Comparative Compound B 0.879 8.0 8.28 56.6
Example 2

Comparative Compound C 0.885 2.0 8.32 70.8
Example 3

Comparative Compound D 0.875 2.5 8.48 34.4/71.3
Example 4

Comparative Compound E 0.871 1.1 8.30 39.3/71.4

Example 5
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Referring to Table 1, 1n case of Examples 1 and 2, applied
to polymerization after synthesizing according to an
embodiment of the present invention, 1t could be confirmed
that polymers having a high molecular weight with a high
weight average molecular weight was prepared 1n view of
the low melt index, and through this, 1t could be 1inferred that
a product having excellent rigidity may be obtained. In
addition, 1mn case of Examples 1 and 2, very transparent
polymers were obtained, and this 1s thought that the poly-
mers had a ultra low density of about 0.860 g/cm’. Through
this, 1t could be expected that excellent optical properties
and excellent impact absorbing capacity may be achieved at
the same time.

On the contrary, in case of all Comparative Examples 1 to
5, using the conventional catalyst compositions, the density
was significantly high, and particularly, it could be con-
firmed that Comparative Example 1 showed markedly small
molecular weight and extremely high density in view of the
melt index, and Comparative Examples 2 to 5 also showed

inferior density and molecular weight when compared with
the

Examples.
If the density is greater than 0.870 g/cm’, the optical
properties of the copolymer thus prepared may be confirmed

with the naked eye and may be compared with a copolymer
having a density of about 0.860 g/cm”. Particularly, it could
be inferred from the observation of opaque white color 1n the

copolymers of Comparative Examples 4 and 5.

Through this, it could be found that 1n case of applying a
transition metal where a bond angle 1s controlled when a
ligand compound and a transition metal make coordination
bond as the transition metal compound according to an
embodiment of the present mvention, an olefin polymer
having a ultra low density and high molecular weight may
be prepared. It could be confirmed that the polymer thus
prepared may be very usefully applied to a ultra low density
polyethylene having excellent nigidity, excellent optical
properties and excellent impact absorbing capacity.

Tm

00.4

45.7/97.3

97.9

72.7

80.5

53.8/90.3

59.0/(112.8)
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The 1invention claimed 1s: 2. The transition metal compound according to claim 1,

1. A transition metal compound represented by Formula 1: wherein in Formula 1,

R, to R,, are each independently hydrogen, a substituted
or unsubstituted alkyl group of 1 to 20 carbon atoms, a
> substituted or unsubstituted cycloalkyl group of 3 to 20
carbon atoms, or a substituted or unsubstituted aryl
group of 6 to 20 carbon atoms,

M 1s Ti, Hf or Zr, and

o Q; and Q, are each independently hydrogen, halogen, a
substituted or unsubstituted alkyl group of 1 to 20
carbon atoms, a substituted or unsubstituted cycloalkyl
group of 3 to 20 carbon atoms, or an unsubstituted aryl
group of 6 to 20 carbon atoms.

|Formula 1]

15 3. The transition metal compound according to claim 1,
wherein 1n Formula 1,

R, to R, are each independently hydrogen, an unsubsti-
tuted alkyl group of 1 to 10 carbon atoms, an unsub-
stituted cycloalkyl group of 3 to 10 carbon atoms, or an

20 unsubstituted aryl group of 6 to 20 carbon atoms, and

QQ, and ), are each mndependently hydrogen, halogen, an
unsubstituted alkyl group of 1 to 10 carbon atoms, an
unsubstituted cycloalkyl group of 3 to 10 carbon atoms,
or an unsubstituted aryl group of 6 to 20 carbon atoms.

25
4. The transition metal compound according to claim 1,

wherein 1n Formula 1, R, to R, are each independently
hydrogen, or a substituted or unsubstituted alkyl group of 1
to 10 carbon atoms,

in Formula 1, 30  where one or more among R, to R, are substituted or

R, to R, are each independently hydrogen, —NR R,, a unsubstituted alkyl groups of 1 to 10 carbon atoms.

substituted or unsubstituted alkyl group of 1 to 20 5. The transition metal compound according to claim 1,

carbon atoms, a substituted or unsubstituted cycloalkyl Whereiq in Formula 1, R, 1s hydrogen, or a substituted or
group of 3 to 20 carbon atoms, a substituted or unsub- unsubstituted alkyl group of 1 to 10 carbon atoms, and R, to

35
stituted alkenyl group of 2 to 20 carbon atoms, a Re are hydrogen.

substituted or unsubstituted alkoxy group of 1 to 20 6. The transition metal compound according to claim 1,

carbon atoms, or a substituted or unsubstituted aryl wherein 1in Formulai I, R; 10 Ry, are each independently
group of 6 to 20 carbon atoms, hydrogen, or a substituted or unsubstituted alkyl group of 1

_ to 10 carbon atoms.
R, to R, are each independently hydrogen, —NR R, a 40

substituted or unsubstituted alkyl group of 1 to 20
carbon atoms, a substituted or unsubstituted cycloalkyl
group of 3 to 20 carbon atoms, a substituted or unsub-
stituted alkenyl group of 2 to 20 carbon atoms, a
substituted or unsubstituted alkoxy group of 1 to 20

carbon atoms, or a substituted or unsubstituted aryl
group of 6 to 20 carbon atoms, 9. The transition metal compound according to claim 1,

wherein the transition metal compound 1s selected from a
compound of Formula 1-1 or a compound of Formula 1-2:

7. The transition metal compound according to claim 1,
wherein 1n Formula 1, M 1s Ti.

8. The transition metal compound according to claim 1,

wherein 1n Formula 1, Q, and Q, are each independently
45 hydrogen, halogen, or a substituted or unsubstituted alkyl

group of 1 to 10 carbon atoms.

M 1s a transition metal 1n group 4,

Q, and Q, are each independently hydrogen, halogen, Y
—NR _R,, a substituted or unsubstituted alkyl group of
1 to 20 carbon atoms, a substituted or unsubstituted [Formula 1-1]
cycloalkyl group of 3 to 20 carbon atoms, a substituted .
or unsubstituted alkenyl group of 2 to 20 carbon atoms,
or a substituted or unsubstituted aryl group of 6 to 20 2
carbon atoms,

a substituent of the substituted groups of R, to R, -, Q; and S
Q, 1s selected from the group consisting of —NR R,

an alkyl group ot 1 to 10 carbon atoms, a cycloalkyl ., |
group of 3 to 20 carbon atoms, an aryl group of 6 to 20
carbon atoms, and an alkoxy group of 1 to 10 carbon ‘

atoms, and

)

\
/
}

R_ and R, are each independently hydrogen, an alkyl
group ol 1 to 10 carbon atoms, a cycloalkyl group of 3 65
to 10 carbon atoms, or an aryl group of 6 to 20 carbon
atoms.
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-continued
|Formula 1-2]

10

15

10. A catalyst composition comprising the transition metal
compound according to claim 1.

11. The catalyst composition according to claim 10, 2¢
turther comprising one or more cocatalysts.

12. The catalyst composition according to claim 11,
wherein the one or more cocatalyst comprises at least one

compound selected from Formulae 7, 8 or 9:

25
—[AI(R55)—O0] — [Formula 7]

where each R,, 1s independently a halogen radical, a
hydrocarbyl radical of 1 to 20 carbon atoms, or a

26

halogen-substituted hydrocarbyl radical of 1 to 20
carbon atoms, and a 1s an integer of 2 or more;

D(R55)3 [Formula 8]

where D 1s aluminum or boron, and each R, 1s indepen-
dently the same as defined in Formula 7;

[L-H]*[Z(A),]” or [L]*[Z(A)] [Formula 9]

where L 1s a neutral Lewis base, [L]” 1s a cationic Lewis
acid, H 1s a hydrogen atom, Z 1s an element 1n group 13,
and each A i1s independently aryl of 6 to 20 carbon
atoms or alkyl of 1 to 20 carbon atoms, where one or
more hydrogen atoms are optionally substituted with a
substituents selected from halogen, hydrocarbyl of 1 to
20 carbon atoms, alkoxy of 1 to 20 carbon atoms, or
aryloxy of 6 to 20 carbon atoms.
13. A method for preparing an olefin polymer, the method
comprising:
polymerizing an olefin monomer or a monomer mixture
comprising an olefin monomer and an alpha olefin
comonomer 1n the presence of the catalyst composition
according to claim 10 to form an olefin polymer,
wherein the olefin monomer comprises at least one of
cthylene or propylene.
14. The method for preparing an olefin polymer according
to claim 13, wherein the olefin polymer 1s a homopolymer
or a copolymer.
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